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Chiral superconductors support chiral edge modes and potentially spontaneous edge currents at their bound-
aries. Motivated by the putative multiband chiral p-wave superconductor Sr2RuO4, we study the influence of the
interference between different bands at the edges, which may appear in the presence of moderate edge disorder
or in edge tunneling measurements. We show that interband interference can strongly modify the measurable
quantities at the edges when the order parameter exhibits phase difference between the bands. This is illustrated
by investigating the edge dispersion and the edge current distribution in the presence of interband mixing, as
well as the conductance at a tunneling junction. The results are discussed in connection with the putative chiral
p-wave superconductor Sr2RuO4. In passing, we also discuss similar interference effects in multiband models
with other pairing symmetries.
I. INTRODUCTION
The problem of the edge current and orbital angular mo-
mentum in chiral superfluids has long been studied in the con-
text of the A-phase of 3He – a chiral p-wave superfluid1–3.
The interest was renewed after the discovery of superconduct-
ing Sr2RuO44–6 which shows indications of the same pairing.
Such a state is characterized by a nonvanishing topological
invariant – the Chern number3. Accordingly, the boundaries
of these systems hosts chiral Majorana fermions3, which are
expected to carry chiral edge current.
With regard to Sr2RuO4, although tunneling measurements
have shown evidence of subgap edge states7–9, the predicted
spontaneous edge current10,11 remains elusive12–14. This poses
a severe challenge to the chiral p-wave interpretation. Re-
cently, there have been numerous theoretical attempts to ad-
dress this issue. In particular, due to U(1) symmetry break-
ing the edge current is not expected to be topologically
protected15,16, hence chiral p-wave models with anisotropic
gap structure, be it single band or multiband, may generate
substantially smaller current compared with that of a sim-
ple isotropic chiral p-wave model15,17–21. Additional strong
suppression is possible in the presence of strong surface
disorder20,21. Nevertheless, given the signatures of chiral p-
wave pairing22–25 and the strict experimental upper bound12–14
placed on the magnitude of the edge current (at least three
orders of magnitude smaller than the predicted value in Ref
10), it is unclear whether the above theories have provided
satisfactory explanations for the experimental null results. In-
terestingly, the edge current may vanish in non-p-wave chiral
superconductors26–29, although these states are less likely for
Sr2RuO4.
One complexity in Sr2RuO4 is its multiband nature. There
are three bands crossing the Fermi level30,31. In spite of a
great deal of studies, questions remain regarding its exact su-
perconducting gap structure on the bands. Nevertheless, there
have been numerous examples of multiband or multi-orbital
effects giving rise to intriguing physics, such as the collec-
tive phase fluctuations between the bands (Leggett mode)32,33,
a time-reversal symmetry breaking pairing owing to a com-
plex phase configuration on the bands34, distinct Josephson
effects35, and a novel type-1.5 behavior indicative of distinct
thermodynamic length scales on the different bands36. In ad-
dition, it was shown that the behavior of the local density of
states and the order parameter at the boundary can be rather
different for models whose band order parameters are in-phase
and out-of-phase, even in s-wave systems37–41. Notably, some
of the above examples involve the relative phase degree of
freedom peculiar to multiband models. It is thus of consid-
erable interest to also explore how this particular aspect may
affect the physics at the edges of multiband chiral supercon-
ductors.
In this work, we focus on the interference effects in multi-
band models with different phase configurations: finite (pi,
nontrivial) and vanishing (trivial) phase differences between
the multiple band order parameters. We illustrate these with
two examples. In the first, we consider the consequence of
interference in the form of edge interband mixing. The mix-
ing may be introduced by, e.g. even moderate edge disor-
der, as will be elaborated later. In certain cases, it introduces
hybridization between the quasiparticle states, thereby hold-
ing promise for altering the edge current – of which the edge
modes are known to constitute an appreciable portion11,42,43.
In the second, we study the differential tunneling conductance
at a normal metal-superconductor (NS) junction. The mod-
els we formulate for these two examples are similar in spirit
and both will demonstrate qualitatively distinct interband ef-
fects for different phase configurations. In particular, for the
nontrivial configuration the interband interference can lead to
substantial variations in the physical observables at the bound-
aries. As an aside, the conclusions also generalize to models
with other pairing symmetries, which can also be implicated
from an earlier study38. In particular, the interference in the
case the of nontrivial phase configuration can lead to ingap
edge states not supported in the corresponding single-band
models.
The rest of this paper is organized as follows. In Sec II we
use a numerical Bogoliubov de-Gennes (BdG) calculation to
study the effect of edge interband mixing in a two-band chiral
p-wave superconductor. The results are discussed on the ba-
sis of semiclassical and phenomenological theories. We then
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2calculate in Sec III the tunneling conductance of a two-band
chiral superconductor at a NS junction, adopting a semiclassi-
cal Blonder-Tinkham-Klapwijk (BTK) approach. Finally, we
close with a brief summary in Sec IV.
II. NUMERICAL BDG
For simplicity, we focus on spinless two-band chiral p-wave
models on a two-dimensional square lattice. The results thus
obtained can be generalized to other multiband models. We
consider the following BdG Hamiltonian,
H = H1 +H2 +H12 , (1)
where H1(2) and H12 represent the Hamiltonian of band-1(2)
and the mixing between the two-bands, respectively. More
specifically, for the two bands,
Hl =
∑
k
[
εl,kc
†
l,kcl,k + ∆l,kc
†
l,kc
†
l,−k + ∆
∗
l,kcl,−kcl,k
]
,
(2)
where again the subscript l = 1, 2 indicates band indices.
The band dispersions and gap functions assume the forms
εl,k = −2tl(cos kx + cos ky) − 4t′l cos kx cos ky − µl and
∆l,k = ∆lxfl,k + ∆lygl,k. Here ∆lx and ∆ly are the two
complex components of the superconducting order parameter,
and fl,k and gl,k are form factors characteristic of the Cooper
pairing with px and py-symmetry. For the chiral pairing on
each band, the two components assume a phase difference of
pi/2 or −pi/2. We concentrate however on the effects of the
overall phase difference between the two band gaps ∆1,k and
∆2,k, which can be either zero or pi. The latter can be realized
if there is repulsive interband Cooper pair scattering.
The actual calculation is performed in a cylinder geometry
with open boundaries in the x-direction. Physical quantities
such as the edge current and the order parameter are deter-
mined self-consistently following previous works18,20. The
interband mixing (1), assumed to be induced by surface disor-
der, is given by,
H12 =
N∑
i=N ′
(t12c
†
1,ic2,i +H.c.) . (3)
where i is the site index in the x-direction. It is nonvanishing
only at one of the edges, between sites i = N ′ and i = N . We
assume that the mixing is restricted to a small region around
the edge much narrower than the coherence length of the two
bands. For simplicity, through out this work we takeN ′ = N ,
i.e., finite mixing only at the end site. Note this represents
relatively weak surface disorder potentially relevant to sam-
ples/devices prepared with high quality but with lattice distor-
tion at the edges (such as the rotation of RuO6 octahedra in
the case of Sr2RuO445,46). This is unlike the metallic surface
condition, i.e., extremely strong disorder, assumed in other
studies20,21.
A. BdG results
We base the majority of our discussions on the T = 0 cal-
culations performed near the continuum limit – low filling
fraction and roughly isotropic gaps, using a set of parame-
ters as described in Fig 1. In the absence of mixing, two chi-
ral edge modes, each associated with one of the two bands,
emerge at each of the two boundaries, as illustrated in Fig. 1
(a). The rest of Fig. 1 shows the low energy dispersion for
models with interband mixing on one of the edges. At finite
t12, there is a striking distinction between models with dif-
ferent phase configurations on the two bands. In the case of
the [+−] configuration, i.e. sgn[∆1] = −sgn[∆2], the edge
modes around ky = 0 readily splits upon introduction of fi-
nite t12. For sufficiently large t12, a large number of the edge
states pile up below the continuum edge associated with the
smaller gap [Fig 1 (d)]. By contrast, for the [++] configu-
ration, i.e. sgn[∆1] = sgn[∆2], the zero-crossing at ky = 0
is nearly unaffected by interband mixing [Fig 1 (b)]. Some
of the high-energy edge modes originally associated with the
larger band gap are pushed down below the continuum edge
of the smaller gap [Fig 1 (b)]. Overall, there appears to be
no spectral flow15,47,48 in this scenario, i.e. the occupancy of
the states remains largely intact. It is worth stressing that, al-
though the shape of the edge spectrum depends sensitively on
the detailed form of the interband mixing used (such as longer-
range intersite mixing), the aforementioned general behavior
is robust. Some of these qualitative features will also appear
in the BTK calculations in Sec III and will be explained in Sec
II B from a semiclassical perspective.
The response of the order parameters similarly exhibits a
dichotomy between the two phase configurations. In the [+−]
model with sizable t12, the interference-induced variation is
significant and extends over a coherence length of the corre-
sponding bands (∼ vlF /|∆l| where vlF is the average l-band
Fermi velocity). For example, in Fig. 2 (a) one of the ∆y-
components changes sign, in strong contrast to its behavior at
the other edge, where t12 = 0. In comparison, in the [++]
model no noticeable change is seen beyond the narrow region
of mixing. Section II C presents a phenomenological interpre-
tation of these results.
The drastic redistribution in the [+−] model of the chi-
ral edge dispersion in momentum and energy space incurs
corresponding changes in the edge current (Fig. 3). This
is easy to understand as the edge modes carry considerable
current11,42,43 (see Sec. II C for a complementary explana-
tion based on the order parameter variations). By contrast,
since there is no apparent spectral flow, the current in the [++]
model hardly varies at finite mixing15. What is most striking
is the inverted current flow in the [+−] model in the presence
of noticeable interband mixing, given that our model employs
rather moderate edge disorder (manifest in the fact that the ex-
tension of interband mixing is much narrower than the coher-
ence length and that the ∆y-components survive at the edge
in Fig.2). Previous one-band studies showed that current in-
version is possible by varying the gap structure15 and edge
orientation in lattice models19. Our study therefore demon-
strates an additional mechanism, interband interference, for
3FIG. 1: (Color online) Low energy spectra of two-band chiral p-
wave models obtained in self-consistent BdG calculations. In each
plot, the edge spectra shown in red (blue) correspond to edge modes
near i = 1 (i = N ). These calculations were performed on an N =
200 geometry and assume the following parameters: t1/2 = t = 1,
t′1 = 0.375t, t′2 = 0.2t, µ1 = −t, µ2 = −2t. The chiral p-wave
pairing takes the form of ∆l,k = ∆l(sin kx + i sin ky) with |∆1| =
0.3t, |∆2| = 0.15t. The ± symbols in the square brakets denote the
phase configuration of the order parameters on the two bands: [+−]
and [++] stand for sgn[∆1] = −sgn[∆2] and sgn[∆1] = sgn[∆2],
respectively. The strength of interband mixing t12 at i = N is shown
above the plots.
FIG. 2: (Color online) Self-consistent order parameter profile for
models with: (a) [+−] and (b) [++] phase configurations. The inter-
band mixing, t12 = 0.8t, is present only at the right edge. The cor-
responding low energy dispersion is presented in Figs.1(d) and 1(b).
The ∆x components are plotted by dashed lines and the ∆y com-
ponents are shown by solid lines, while the colors designate band 1
(black) and band 2 (cyan).
the current to deviate considerably from what is expected of
an ideal edge. Similar observations are made for anisotropic
multiband chiral p-wave models (not shown), which can po-
tentially make contact with multiband models of Sr2RuO4.
B. Semiclassical perspective
We now discuss the interference of the two bands on the
quasiparticle level within a first order perturbative theory. The
fact that strong splitting of the chiral edge modes occurs at
FIG. 3: (Color online) Edge current distribution corresponding the
two-band BdG calculations in Fig.1. Solid curves (BdG) represent
the exact results, while dashed curves (γ) show estimates based on
(7) with γ1 = 0.134 and γ2 = 0.103 evaluated based on the cor-
responding expression in the main text. Note that in practice the
derivative in (7) is replaced by the Euler approximation. The data
without interband mixing ars shown by a black solid line, which is
the same for both order parameter phase configurations. We have set
e and ~ to unity, hence jy is displayed in units of t.
ky = 0 for one configuration of sgn[∆1/2] but not for the
other is suggestive of some symmetry-related properties of the
unhybridized wavefunctions, which are dictated by the phases
of the band order parameters. The edge modes are solutions
to the BdG equation linearized about the Fermi wavevector.
Due to the translational invariance along y, each quasiparticle
state can be labeled by a momentum ky . In the Nambu spinor
basis (cl,ky , c
†
l,−ky )
T , the wavefunction of an edge state in a
half-infinite plane at x ≤ 0 reads,
φl,ky (x) ∝
1√
2
(
sgn[∆l]
−i
)
sin(|kx|x)eikyyeλx , (x ≤ 0) ,
(4)
where kx and ky are components of kF and λ =
|∆lx0|fl,k/vlx. The energy of this mode is given by Eedgel,ky =
−∆ly0gl,k. We see that the spinor in (4) is related to the
phase of the order parameter and has equal amplitudes in
electron and hole components. For an isolated band, this
phase can be arbitrarily chosen using a gauge transformation,
(ck, c
†
−k) → (eiθ/2ck, e−iθ/2c†−k), ∆l → eiθ∆l. The edge
dispersion and the edge current are unaffected by the transfor-
mation. However, for two coupled bands, the phases of differ-
ent bands cannot be individually gauge-transformed. Hence
the relative phase between the quasiparticle wave functions
(4) bears nontrivial physical significance. To see how inter-
band mixing affects the chiral edge modes, we evaluate the
hybridization between two edge states associated with the two
bands, φ1,ky and φ2,k′y ,
ε12(ky, k
′
y) = 〈φ1,ky |H ′12|φ2,k′y 〉 , (5)
where H ′12 denotes the mixing term (3) in Nambu space:
H ′12 = τ3g(x). Here τ3 is the third component of the Pauli
4matrix and g(x) is an unimportant function characteristic of
the spatial dependence of the interband mixing at the edge.
For finite ε12 the two modes hybridize and level-split. Clearly,
for time-reversal invariant interband mixing, i.e., for real t12,
ε12(ky, k
′
y) ∝
{
0 sgn[∆1] = sgn[∆2],
|t12|δky,k′y sgn[∆1] = −sgn[∆2]. (6)
The splitting is thus readily understood.
The piling-up of the subgap edge density of states at higher
energy can be straightforwardly analyzed in a similar fashion,
except that in this case the hybridization with the (bulk) con-
tinuum states (which situate closer in energy with respect to
those edge modes) becomes influential in both phase configu-
rations. Note the bulk states generally have unequal electron
and hole components, hence the hybridization typically does
not vanish at first order in t12 in the [++] model.
C. Effective field theory
In this section we provide a phenomenological understand-
ing of the interference-induced variations in the behavior of
the order parameter and the edge current.
At an ideal edge the ∆x components must fall to zero, as
they change sign under a reflection about y. By contrast, the
∆y components typically remain finite. The interband mixing
induces free-energy terms ∝ K|∆1x(y) − ∆2x(y)|2 localized
at the boundary, which favor a vanishing (phase) difference
between ∆1 and ∆2. Here the coefficient K parametrizes
the strength of the mixing. These terms resemble the gradi-
ent energy cost in the usual Ginzburg-Landau theory. Con-
sequently, in the [+−] configuration and when the mixing is
strong, one of the ∆y’s tends to change sign to minimize the
induced free energy. This leads to a simultaneous response in
the ∆x component of the same band, which can be understood
from higher-order terms, such as −|∆x|2|∂x∆y|2, which sup-
ports larger ∆x when ∆y varies10.
It is known that the edge current is related to the spatial
gradients of the order parameter components11,15,26,44, and at
lowest order the relation can be described as follows15:
jy ∼
∑
l=1,2
γl∂x
[
∆ly
∆ly0
− ∆lx
∆lx0
]
, (7)
where ∆lx0 and ∆ly0 are the bulk values of the chiral com-
ponents; γl is a phenomenological parameter characteristic
of the band and gap structure of the l band, given explicitly
by15
∑
k vlxvlyfl,kgl,k|∆lx0∆ly0|/(2E3l,k), where El,k =√
ε2l,k + |∆l,k|2 and vlx(y) are components of the Fermi ve-
locity. It is then easy to see how variations in the spatial pro-
file of the order parameters go hand in hand with those in the
edge current. As can be seen in Fig. 3, this phenomenological
expression indeed roughly captures the behavior of the edge
current distribution.
III. EDGE TUNNELING CONDUCTANCE
In this section, we examine the consequence of interband
interference on the edge tunneling conductance within the
standard classical BTK theory49. We base the following calcu-
lations on an important similar study by Golubov et al.38 for-
mulated in the context of multiband s-wave models38. Single-
band analyses can be found in, e.g., Ref 50.
A. BTK calculations
We consider a junction formed by a one-band normal metal
(N) and a two-band superconductor (S), and for simplicity
take the bands on both sides of the junction to have the same
band structure and Fermi surface. The wavefunction on the
N-side reads,
ΨN (r) =
[(
1
0
)
+ a
(
0
1
)]
ei(kxx+kyy)+b
(
1
0
)
ei(−kxx+kyy),
(8)
and on the S-side,
ΨS(r) = c
[(
u1,k
h1,kv1,k
)
+ α
(
u2,k
eiϕh2,kv2,k
)]
ei(kxx+kyy)
+d
[(
v1,k′
h1,k′u1,k′
)
+ α
(
v2,k′
eiϕh2,k′u2,k′
)]
ei(−kxx+kyy) ,
(9)
where k = (kx, ky) and k′ = (−kx, ky) represent, re-
spectively, the incident Fermi wavevector in the metal and
the specularly reflected wave vector, hl,k = ∆l,k/|∆l,k|,
ul,k(vl,k) =
√
1
2
[
1 + (−)√E2 − |∆l,k|2/E], in which E
is the quasiparticle energy, ϕ denotes the phase difference be-
tween the two bands, and α is a coefficient which determines
the relative probability for a normal metal electron to tunnel
into the two superconducting bands. Hence α = 0 or ∞ re-
turns a one-band NS junction. Since its value depends on the
property of the two superconducting bands38, we take it as a
tuning parameter. Noteworthily, although α thus defined does
not rely on the presence of edge disorder and is therefore not
in one-to-one correspondence with t12 introduced in BdG, it
does reflect a certain level of interband mixing. Hence a sim-
ilar flavor of interband interference is also expected here, as
we shall see below.
The solutions are determined by the following boundary
conditions at the NS interface,
ΨN (x = 0, y) = ΨS(x = 0, y),
∂ΨS
∂x
∣∣∣∣
x=0+
−∂ΨN
∂x
∣∣∣∣
x=0−
=
2mH
~2
ΨS |x=0− , (10)
where H characterizes the strength of the k-independent po-
tential barrier. Define a dimensionless parameter Z ≡ mH~2kx ;
since Z ≥ mH~2kF , it can be verified that in the tunneling limit,
i.e., for sufficiently large H , the kx dependence of the con-
ductance is insignificant. Hence we take a fixed value Z = 10
in the calculations. More details are given in the Appendix.
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FIG. 4: (Color online) Tunneling conductance spectra of two-band
chiral p-wave models at a NS junction. For calculational convenience
the Fermi surfaces on both sides of the junction are taken to be cir-
cular and equal-size with kF = 1. Their gap functions assume the
same form, ∆l(kx+ iky), with the amplitudes satisfying the relation
|∆1| = 2|∆2|.
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FIG. 5: (Color online) (a) BdG spectrum of a two-band dx2−y2 -wave
model with the [+−] phase configuration with interband mixing at
one of the edges. Part of the dispersive edge modes is depicted in
red (as indicated by the arrows). The calculation is performed using
the same band structure as given in Fig. 1, and the gap functions of
the two bands are: ∆1/2,k ∝ cos kx − cos ky , with gap amplitudes
0.2t and 0.25t, respectively. (b) Conductance spectra of a two-band
d-wave model with the [+−] configuration. The gap functions are
given by ∆l(cos kx−cos ky). Note the zero-bias peak (black curve),
which does not exist at the x or y edges of a single-band dx2−y2
superconductor.
Figure 4 presents the conductance spectra of a simple two-
band chiral p-wave model. Consistent with the BdG results,
the influence of the interband interference is selective between
the two phase configurations. In the [++] model, the low-bias
portion of the spectra hardly varies, irrespective of the pres-
ence of noticeable interband mixing [Fig 4 (b)]. By contrast,
in the [+−] model the spectra are vastly modified and in par-
ticular, the zero-bias conductance characteristic of the single-
band spectra has almost disappeared at the same level of α51.
These closely resemble the observations in our BdG calcu-
lations, where the low-energy DOS is depleted in the [+−]
model but not in the [++] model. In addition, the notice-
able enhancement of the conductance near the lower gap in
the [+−], as well as the moderate enhancement in the [++]
model, can be related to the piling up of a high-energy edge
DOS seen in BdG. As shown in Fig. 7, lattice models can
even see a peak developing at the lower gap energy, but this is
not typical.
B. Other pairing symmetries
As a further remark, many other factors, such as the barrier
potential variation across the tunneling junction, can seriously
modify the conductance spectra. It was argued8 that the sensi-
tivity of the spectra to microscopic details, combined with the
existence of subgap conductance peaks7–9,52, provides strong
support for chiral p-wave pairing in Sr2RuO4. Interestingly,
the existence of the subgap Andreev states and the rich va-
riety of spectral shapes are, in fact, common to other pair-
ing symmetries, pending a multiband nature and a nontriv-
ial phase configuration. These have been shown in a number
of theoretical works on the s±-wave models formulated for,
e.g. the multiband iron-based superconductors38,40,41. The
same conclusions apply to other multiband systems whose
single-band counterparts do not, in principle, support subgap
bound states, such as the dx2−y2 -wave pairing exemplified in
Fig. 5. As one can see, the conductance peak shifts as the
interband mixing varies, and for certain α a zero-bias-like
peak emerges which can hardly be distinguished from that
of a single-band dxy superconductor57,58[Fig. 5 (b)]. These
strong interband interference effects hold potential relevance
for, e.g., the heavy-fermion superconductor CeCoIn553, and
similarly for Sr2RuO4 if it supports multiband even-parity
pairing54.
IV. SUMMARY
In this work, we studied how interband interference pecu-
liar to multiband systems may operate to qualitatively change
the physics at the edges of a two-band chiral p-wave supercon-
ductor. We showed that, in systems possessing nonvanishing
phase differences between the bands, interband interference
can strongly influence the edge spectrum, which then results
in observable variations in the edge current distribution and
the edge tunneling conductance. These results are discussed
in conjunction with Sr2RuO4 – a candidate chiral p-wave su-
perconductor with multiband character. Without serious mod-
ification, the conclusions can be directly generalized to other
putative multiband chiral superconductors, such as UPt355 and
SrPtAs56. In passing, we also pointed out (on the basis of the
present and previous works) that the formation of subgap edge
states and their sensitivity to the interband mixing are univer-
sal in multiband superconductors with other pairing symme-
tries.
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VI. APPENDIX
To simulate the tunneling conductance between a normal
metal and a two-band superconductor, we adopt the approach
developed by Golubov et al.38, which is formulated for s-
wave models. Consider a two-dimensional normal metal-
superconductor (NS) junction (Fig 6), the overall wavefunc-
tion can be written as,
Ψ(r) = ΨN (r)Θ(−x) + ΨS(r)Θ(x), (11)
where on the normal side,
ΨN =
[(
1
0
)
+ a
(
0
1
)]
ei(kxx+kyy) + b
(
1
0
)
ei(−kxx+kyy),
(12)
k = (kx, ky) is a wave vector near the Fermi surface, and on
the superconductor side with two bands,
ΨS = c
(
u1,(qx,qy)
v1,(qx,qy)
∆1,(qx,qy)
|∆1,(qx,qy)|
)
ei(qxx+qyy)
+ αc
(
u2,(px,py)
eiϕv2,(px,py)
∆2,(px,py)
|∆2,(px,py)|
)
ei(pxx+pyy)
+ d
(
v1,(−qx,qy)
u1,(−qx,qy)
∆1,(−qx,qy)
|∆1,(−qx,qy)|
)
ei(−qxx+qyy)
+ αd
(
v2,(−px,py)
eiϕu2,(−px,py)
∆2,(−px,py)
|∆2,(−px,py)|
)
ei(−pxx+pyy) ,
(13)
where u1(2),(kx,ky) =
√
1
2 (1 +
√
E2−|∆1(2),(kx,ky)|2
E ),
v1(2),(kx,ky) =
√
1
2 (1−
√
E2−|∆1(2),(kx,ky)|2
E ). Note that for
both ΨN and ΨS , the momentum along y is conserved, as can
be seen by the common factor eikyy in both expressions. In
ΨS the coefficient α is a tunable parameter which determines
the relative tunneling probabilities onto the two supercon-
ducting bands. When α = 0 and α 0, our model returns to
the one-band case.
The boundary conditions at the interface of the junction are
ΨN |x=0− = ΨS |x=0+ ,
∂ΨS
∂x
∣∣∣∣
x=0+
−∂ΨN
∂x
∣∣∣∣
x=0−
=
2mH
~2
ΨS |x=0+ , (14)
where H characterizes the strength of the k-independent po-
tential barrier. The tunneling limit corresponds to an H which
is large compared with EF . Without loss of any essential
physics, we assumed that the normal side and the supercon-
ducting side have the same Fermi surface, i.e., (kx, ky) =
(qx, qy) = (px, py). Defining Z ≡ mH~2kx , which is always
FIG. 6: Schematic diagram of a normal-superconductor (NS) junc-
tion. The trajectories of the electron- and hole-like quasiparticles are
designated by solid and dashed lines, respectively. The band indicies
are implicit, and we have simplified the diagram by assuming that
the Fermi surface of the two bands are the same. So the wavevectors
of the two bands on the S side coincide.
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FIG. 7: (Color online) Tunneling conductance spectra of two-
band chiral p-wave models with different phase configurations at a
NS junction. For calculational convenience the Fermi surfaces on
both sides of the junction are taken to be circular and equal size
with kF = 1. Their gap functions assume the same form: (a)
and (b) ∆l(sin kx + i sin ky) and (c) and (d) ∆l(sin kx cos ky +
i cos kx sin ky). The amplitudes of the two gaps have the relation
|∆1| = 2|∆2| in all calculations shown.
larger than mH~2kF , it can be easily shown that the spectrum
hardly changes beyond a sufficiently large H . On this ac-
count we choose a k-independent parameter Z = 10. The
coefficients a, b, c, and d satisfy the following relations,
γ0a = γ3γ4
γ0b = (Z
2 − iZ)(γ2γ3 − γ1γ4) ,
γ0c = (1− iZ)γ4 ,
γ0d = iZγ3 , (15)
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FIG. 8: (Color online) Tunneling conductance spectra at a NS junc-
tion of a two-band dxy-wave model with (a) [+−] and (b) [++]
phase configurations. The Fermi surfaces of the metal and the
two bands of the superconductor are taken to be circular and equal
size with kF = 1. Their gap functions are given by ∆l,k =
∆l sin kx sin ky with |∆1| = 2|∆2|.
where
γ1 = u1,(qx,qy) + αu2,(px,py) ,
γ2 = v1,(−qx,qy) + αv2,(−px,py) ,
γ3 = v1,(qx,qy)
∆1,(qx,qy)
|∆1,(qx,qy)|
+ αeiϕv2,(px,py)
∆2,(px,py)
|∆2,(px,py)|
,
γ4 = u1,(−qx,qy)
∆1,(−qx,qy)
|∆1,(−qx,qy)|
+ αeiϕu2,(−px,py)
∆2,(−px,py)
|∆2,(−px,py)|
,
γ0 = (1 + Z
2)γ1γ4 − Z2γ2γ3. (16)
Notice that in the above expressions we have not yet used the
assumption k = q = p for the purpose of generality. The
remaining calculations nevertheless use this relation through-
out. The differential conductance of the NS junction is defined
as,
σS(θ) = 1 + |a|2 − |b|2, (17)
where θ is the injection angle; thus we have k = (kx, ky) =
k(cos θ, sin θ), and |a|2 and |b|2 are the Andreev reflection
and normal refection probabilities, respectively. In a two-
dimensional model, the total tunneling conductance is the in-
tegration of σS over the injection angle θ,
dI
dV
=
∫ pi
2
−pi2 σS(θ) cos(θ)dθ∫ pi
2
−pi2 σN (θ) cos(θ)dθ
, (18)
where σN is the conductance when superconductivity on the
S side vanishes.
To complement the tunneling spectra shown in the main
text, Figs. 7 and 8 display, respectively, the tunneling con-
ductance spectra of some lattice models of two-band chiral
p-wave and dxy-wave superconductors. As is obvious, when
the two band gaps are opposite in sign, the zero-bias features
expected for a single-band model can be entirely destroyed
by the interband interference in the presence of finite phase
difference between the two bands.
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